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Abstract: Employee performance is dynamic and can have great impact on the overall performance
of any company and its sustainability. A number of factors that can be controlled by the company
can affect the employees’ performance. The present paper starts with a thorough literature review
for identifying these key driving in order to develop a system dynamics models that will be able to
assess different improvement scenarios and initiatives. Based on causal loop diagrams, stock and
flow diagrams are developed and solved using system dynamics theory. The model developed can
be used for organizations to assess the impact of different improvement initiatives.
Keywords: employee performance; system dynamics; manufacturing; modelling
1. Introduction
Employee performance is dynamic and can have great impact on the overall performance of
any organization and its sustainability. This is understood by companies, and human resource
management departments are responsible for measuring the performance of the employees. One of
their key objectives is to develop methods and policies for improving their performance constantly.
Such practices include training of employees, providing initiatives such as bonuses, and days off.
Employee performance management is critical in human resource management. Through employee
performance management, the senior management and leadership attempts to align the organizational
objectives with the employees’ agreed key performance indicators (KPIs). Such KPIs include measures,
skills, competency requirements, development plans, and the delivery of results. Thus, the focus
of this process is the improvement, learning, and development of the employees for them to be
able to contribute effectively in the overall business strategy. Initially the management of employee
performance was only linked to deciding the salary level that each employee should be paid. However,
such an approach does not account for employees who are not motivated only with financial rewards.
A number of studies have been presented addressing employee performance. Indicatively,
Waheed defined employee performance as the employee productivity and output because of employee
development and related that with the organizational effectiveness [1]. Alefari et al. studied the
impact of leadership style on the performance of employees [2]. In the present study, a thorough
literature review was undertaken focusing on identifying the factors that contribute to the employee
performance as well as how this can be improved. The literature review also highlighted that there
has not been a model that can be used for predicting the impact of such initiatives from a systems
point of view. Therefore, the aim of the present paper is to develop a System Dynamics-based model
that can help companies better handle the dynamic nature of employee performance and aid in the
decision-making process for selecting the alternative initiatives to be introduced. Such a model will
allow manufacturing organizations to run different improvement scenarios for assessing their potential
and draw conclusions. Such a model needs to be generic enough to account for different organizations,
but easily tailored to the specifics of the organization by quickly and accurately collecting primary data
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from within the organization. System dynamics models were developed based on this analysis and
collecting data protocols were formulated for collecting information from companies.
The paper starts in the next section with a thorough literature review on the factors that can
potentially have an influence on the employee performance. Furthermore, previous studies on modelling
the employee performance are briefly discussed. Section 3 then presents the model and how this was
developed. The causal loop diagrams developed are presented, as well as the resulting stock and flow
diagram. In Section 4, the verification of the models developed is presented. For such verification,
the model is used for hypothetical organizations and the predictions of the models are compared to
the predictions found in previous studies found from the literature. Finally, for the validation of the
model, a case study is presented in Section 5. For collecting data from both the employees and the
senior management, a data collection protocol is presented in this section as well as the findings of the
case study. The paper closes in Section 6 with the conclusions that include both the key findings as
well as the next steps for this work.
2. Literature Review
Employee performance is a complex topic. It is highly affected by human behavior and as such,
it has been thoroughly investigated. A number of theories have been developed that attempt to explain
the behavior of human beings in their work environment. Indicatively, the most well-known ones
include McGregor’s theories X and Y, and their evolution in the form of theory Z. Another aspect of
employee performance management that has been thoroughly investigated is the measurement of the
employees’ performance. The published research has focused on the frequency of the assessment,
the means of assessment, and the importance of key performance indicators in the process of doing
so. Through the assessment, gaps of performance can be identified, and initiatives can be adopted
for improving. As it is obvious, covering all of these aspects in one paper is practically impossible.
The focus of the present literature review is on the modelling attempts of employee performance,
as well as in identifying the key factors that have an impact on the performance that could be potentially
included in such a model.
2.1. Employee Performance Driving Factors
There is a plethora of factors that can affect the employee performance. A number of publications
have been presented highlighting the impact of one or more of the factors, usually based on empirical
studies. The literature search on factors affecting the employee performance resulted in a list of
140 relevant papers starting from the 1970s. In Table 1, the outline of the research analysis is shown,
where the 17 most frequently arising factors are listed. In the table, only the papers published after
2010 that discuss more than one factor are listed. Figure 1 summarizes the findings from this analysis.
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Al-Dmour et al. (2018) [3] X X X X X
Almatrooshi et al. (2016) [4] X X X
Anitha (2014) [5] X X X X X X X
Atatsi et al. (2019) [6] X
Austen et al. (2013) [7] X X X
Boehm et al. (2015) [8] X X X
Brüggen (2015) [9] X X X X
De Menezes and Kelliher (2016) [10] X X X
Dhir and Shukla (2019) [11] X X
Diamantidis & Chatzoglou (2019) [12] X X X X X
Gul et al. (2012) [13] X
Hador (2016) [14] X X X X
Heffernan and Dundon (2016) [15] X X
Hilda (2011) [16] X X
Juniper (2010) [17] X X X
Karatepe (2013) [18] X X
Khoreva and Wechtler (2018) [19] X X X X X
Kia et al. (2019) [20] X X X X X X
Kim and Yoon (2015) [21] X X X
Kundu et al. (2019) [22] X X X X X X
Lichtenthaler and Fischbach (2018) [23] X X X
Maamari and Saheb (2018) [24] X X
Melián-González et al. (2015) [25] X X X X X X
Mensah (2015) [26] X
Otero-Neira et al. (2016) [27] X X X X X X
Paschal and Nizam (2016) [28] X X
Ramli (2019) [29] X X X X X
Alefari and Salonitis (2018) [30] X X X X
Saleem et al. (2019) [31] X X X
Salman and Hassan (2016) [32] X X X X X X X
Siddiqui et al. (2019) [33] X X
Sihombing et al. (2018) [34] X X X
Soomro et al. (2018) [35] X X X X X X
Sun (2016) [36] X X X
Tetik (2016) [37] X X X
Ye et al. (2019) [38] X X X
Yilmaz (2015) [39] X X X
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The literature review, as shown in Figure 1, revealed that motivation is frequently found in the
literature as a factor having an impact on employee performance. Employee engagement is a key
element of motivation, which is commonly defined as the factor that makes employees go the extra
mile. Campbell highlighted that declarative knowledge (e.g., goals, principles), procedural knowledge
and skills (e.g., cognitive skills, physical skills, interpersonal skills), and motivation (choice to perform,
level and persistence of effort) are key factors affecting job performance [40]. Boxall and Parcell [41]
highlighted motivation as one of the three major factors impacting employee performance.
2.1.2. Employee Wellbeing
Employee wellbeing is a complex issue that most of the companies nowadays are trying to
improve, as this will ensure that their employees are happy and stay motivated at work. In the
most recent literature publications, wellbeing is related to the environment, the physical state of the
employees, the psychological, as well as their social existence.
All businesses strive to be in a healthy state. If their employees are not in a good state of
health and wellbeing, this is likely to contribute to successful performance [42]. The concept of
employee wellbeing at work promotes advantages to organizations of having a healthy workforce [43].
A number of publications have revealed that employee wellbeing has a direct impact on productivity.
Sobhani et al. pointed that failing to include health-related factors when optimizing systems may lead
to underestimating the running costs [44].
Employee wellbeing at work can also be considered as the physical and mental health that is
characterizing the workforce [45]. It is evident that for increasing the employee wellbeing, employees
need work in a stress-free and physically safe environment. Bakke, in a similar train of thought, linked
wellbeing to promoting an environment that allows work to be received as rewarding, enjoyable,
stimulating, and exciting [46]. He states that employee wellbeing can help with the financial
performance of the whole organization. For improving employee wellbeing, it needs to be measured
as well. Van Laar et al. developed an assessment process based on six variables that include career
satisfaction, home–work interface, working conditions, general wellbeing, stress, and control at
work [47].
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2.1.3. Human Resource Management Style and Practices
Human resource management style and practices are considered to help improve both the overall
business performance and the individual’s performance [48]. There has been growing interest in the
notion of “best practice” human resource management sometimes referred to as “high involvement” [49],
“high performance work systems” [50], or “high commitment” [51].
HRM is responsible for a number of different tasks within an organization, that can be related to
employee performance, such as:
• Staffing [52],
• Monitoring and controlling employees [53],
• Job design [54],
• Performance management system [55],
• Conflict management [38],
• Talent management [26].
Khoreva and Wechtle examined the associations between the skill-, motivation-,
and opportunity-enhancing dimensions of human resource practices and in-role and innovative
job performance through structural equation modelling [19]. They concluded that physical and social
employee wellbeing have an impact on the association between skill- and opportunity-enhancing HR
practices and in-role job performance. On the other hand, psychological employee wellbeing partially
mediates the association between motivation-enhancing HR practices and innovative job performance.
Saleem et al. highlighted the importance of employee empowerment on employee performance [31].
2.1.4. Training and Learning
Training can be considered from two different perspectives. Either as an initiative for experienced
employees to obtain new capabilities and skills [56,57], or as support for employees who are not up to
expected level and need support [58]. Such training can be considered as a way to create paths for the
employees to enhance their skills and help their self-development [59].
Learning is defined as the acquisition of skills or knowledge through study or experience, and in
the present context, this learning is related to abilities that can help employees with their work.
As explained in the definition, learning can be sourced to training, either as part of a taught program or
as part of “hands-in” practice while performing the job. Further to training, factors such as employee
motivation or task complexity need to be considered when evaluating the learning effectiveness of the
employees [60].
2.1.5. Job Satisfaction
Job satisfaction is not only related to the employee’s feelings about the work performed, but also
entails the whole of the organization [61]. Wood et al. describe job satisfaction in the context of
employees’ views of their work and work environment [62]. Motivation, as already mentioned,
is closely related to job satisfaction. Messersmith et al., after reviewing data from 22 local authorities in
Wales, have also identified job satisfaction as one of the critical factors [63].
2.1.6. Leadership Style
Leadership has a major influence on the performance of organizations, managers, and employees
as it has been reported in a plethora of publications [64,65]. The various leadership styles can have
an impact on the performance of individuals. A number of studies focus on the impact of different
models on the employee performance, such as democratic or autocratic, socially oriented or target
oriented, transformational or transactional, etc. In the following sections, the concept of lean leadership
is described in more detail. Also, in previous sections, the leadership theories and models have been
briefly presented.
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The impact of the style of leadership adopted by the management on the performance has been
researched a lot. Bass revealed that there is a high correlation between the leader’s transformational
style and the organizational performance level [66]. Negative correlation between the transactional
leadership style and organizational performance has been revealed in a number of publications [67–70].
A number of studies carried out in the Arab world suggest that leadership in the Arab cultures fosters
consultative and participative tendencies [71]. Bussif claims that the influence of Islamic and tribal
values and beliefs on leadership need to be considered, as both Islamic and tribal laws underpin
consultation in all aspects of life [72].
2.1.7. Employee and Organizational Commitment and Absenteeism
The concept of employee commitment refers to the employee’s affective reactions to characteristics
of his employing organization [73]. Employees commit to an organization as they expect certain
rewards, which can be extrinsic (salary) and intrinsic (belonging, job satisfaction). Legge suggests that
committed employees show a willingness to exert considerable effort on behalf of the organization,
have a strong belief in and acceptance of the organization’s goals and values, and have a strong desire
to be part of the organization [74]. However, De Menezes and Kelliher highlighted that the employees’
personality and career plans can greatly alter these factors [10]. They indicated how organizational
commitment impacts the employees’ performance.
Absenteeism indicates a low degree of employee’s commitment and dissatisfaction.
An individual’s commitment and work attitudes are important antecedents to absenteeism [75].
Rhodes and Steers suggest that employees who are not satisfied with their work or working conditions
can be expected to avoid coming to work [76].
2.1.8. Organizational Culture
The culture of an organization characterizes the organization itself and to a great extent drive the
behaviors within the organization. The culture of the organization defines the way employees perceive
their responsibilities, complete tasks, and interact with each other in an organization. The culture
comprises various beliefs, values, rituals, and symbols that govern the operating style of the people
within a company. As has been highlighted in the section about leadership style, for the case of Arabic
organizations, the practice of Islam greatly influences the culture of the organization. That was further
highlighted by Alefari et al. [68], in a recent study.
The employee performance as well as the motivation levels can be impacted by the culture of the
organization, but also by the subsets of culture within the various departments. If the culture promotes
the integration of the employees, it has been proven that employees tend to consider themselves part
of the organization and work harder to achieve the organizational goals. Alignment of the individuals’
goals with these organizational goals, which is the senior leadership’s responsibility, but supported by
the culture of the organization, allows further performance improvements.
2.1.9. Employee Engagement
Employee engagement is defined as the level of commitment and involvement an employee
has towards the organisation and its values [5]. When an employee is engaged, she/he is aware of
her/his responsibility in the business goals and motivates his colleagues alongside, for achieving the
organisational goals. The positive attitude of the employee with her/his workplace and its value
system is otherwise called as the positive emotional connection of an employee towards her/his
work. Engaged employees go beyond the call of duty to perform their role in excellence [5]. Anitha
have associated employee engagement with a number of factors, such as leadership style, engaging
teamwork, work environment, prospects of career development, the reward system, organizational
policies, and workplace wellbeing [5].
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2.1.10. Reward System
Rewards have been used for long time to acknowledge the performance of employees. Bonuses
and monetary rewards are awarded to employees who exhibit high levels of performance or solve
complex issues, generating extra value for the organization. For this to work, however, it is important
to highlight the need for clearly defining the role of the employee within the organization [30].
2.1.11. Workplace Conditions
The state of the workplace and the conditions are usually highly regulated. These are requirements,
terms of a job, as well as the environmental characteristics that are needed for the employee to be able
to perform his work in a satisfactory manner, as this is perceived by him. In many countries, there is a
minimum set of working conditions that are required by law and the organizations need to provide to
their employees.
2.1.12. Career Development
In a number of studies (indicatively [77–80]), it was highlighted that employees get motivated to
work when they get frequent promotions after the appraisal system in their workplace.
2.1.13. Social Exchanges
Social exchanges refer to the informal social interactions that the employees establish among
themselves, but they might also be promoted by the managers within the organization. The process of
social exchange is initiated by organizations once the minimum expectance with regards to the way an
organization values employees’ general contributions and cares for their wellbeing is achieved [81].
Once employees’ feel and experience that organizations value and deal equitably with them, they will
reciprocate these “good deeds” with positive work attitudes and behaviors [82]. In social exchange,
all stakeholders in an organization must somehow persuade the other of their trustworthiness [83].
2.1.14. Wellbeing Programs and Activities
In order for the wellbeing of the employees to be improved and maintained, organizations
offer activities to the employees in order to help them sustain an appropriate lifestyle and wellbeing.
Such activities can include fitness challenges (for example through sponsoring gym memberships),
develop areas for socialization, healthier meal options in the canteen, instituting flexible work hours,
and enhanced paternity/maternity leaves, to list few. The papers reviewed in the literature review
indicated the positive impact that such activities and programs have in the employee performance.
2.1.15. Work–Life Balance
Work–life balance can be defined as the need to “balance work and leisure/family activities” [84].
This can have a great impact on the performance of the individuals. For example, requesting employees
to work long hours can have a huge impact on the personal/family life. It is critical that organizations
embrace the concept of work–life balance. If organizations were able to offer a range of different
arrangements (i.e., flexible working arrangement as described in the following section) then it is likely
that employees will be more motivated and engaged and thus performing better.
2.1.16. Flexible Working Arrangements
Flexible working arrangements refer to working patterns that are different to the existing one.
They may include part time work, flexible starting and finishing hours, remote working, or working
from home as examples [85]. Usually, such arrangements come with no cost, and in some cases, it might
actually reduce the working cost as there will not be any need for desk, electricity, heating, etc.
De Menezes and Kelliher claim that flexible working arrangements can improve the job satisfaction
and organizational commitment of their employees in the long term [10].
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Flexible working arrangements can be classified as formal or informal ones. Formal flexible
working arrangements are established and are acceptable by an organization as they are available
within the organization’s policies. Informal flexible working arrangements are informally negotiated
and agreed by employees and their line managers.
Formal arrangements have a greater impact on job satisfaction than on organizational commitment.
Informal arrangements can have a direct impact on the motivation of the employees, since they
create a feeling of “needing to give back”. This feeling is towards the managers that allow the
arrangements, rather than the company itself, therefore the impact is on motivation and not on
organizational commitment.
2.1.17. External Environment
Issues that are not related to the organization can affect the employees’ motivation or wellbeing,
for example their families or personal life [17]. Other externally imposed changes can have an impact
on the business, for example business volatility has been proven to have a positive impact on the
employee performance [86].
2.2. Modelling and Simulation of Employee Performance
A number of models have been presented for simulating the employee performance. In almost all
of them, the key elements include the ability of the employee that is exhibited through her/his skills,
the various motivation approaches/incentives that the employer adopts, and the opportunity offered to
the individual to participate.
Appelbaum et al. assume that people perform to their best if they come equipped with knowledge,
skills, and abilities [50]. As mentioned in the previous paragraph, they also need to be motivated and
have the opportunity to participate. The set of knowledge, skills, abilities, motivation, and opportunity
form the core of the so-called AMO theory. This theory was established on the assumption that
employee’s performance Pi of an individual i is a function of her/his ability Ai to perform, her/his
motivation Mi to perform, and the opportunity to perform in the job Oi [41]:
Pi = f (Ai, Mi, Oi), (1)
The AMO theory is well established in research since it was first proposed in 2005 [87]. The ability
Ai to perform does not focus only on the abilities, but reflects both the employees’ knowledge, their skills,
and their abilities.
Purcell et al. developed the so-called “People and Performance Framework” based on two main
assumptions [88]. The first one suggests that all employees have the capacity to engage in discretionary
behavior and it is the ability of the organization to trigger such useful behavior, beyond meeting basic
job requirements, that lead to higher performance. The second one is that line managers are critical
for improving the levels of employee job satisfaction and commitment, which will in turn encourage
employees to exercise their discretion and act beyond their in-role behaviors. The “People-Performance
Framework” is composed of four pillars. Pillar 1 focuses on HEM. Pillars 2 and 3 are considered to be
within the “black-box of HRM”. Pillar 2 includes the three elements that was highlighted in the AMO
theory previously, namely “Ability”, “Motivation”, and “Opportunity”. Pillar 3 addresses the line
manager and the management/leadership style adopted.
Greasley and Owen presented a review study on the modelling of people’s behavior focusing,
however, on the discrete-event simulation method [89]. After reviewing a large number of papers,
they have identified five different classes of modelling: “modelling people’s decisions”, “modelling
people’s availability”, “modelling people’s task performance”, “modelling people’s arrivals”,
and “modelling people’s movement”. However, such an approach focuses more on the operation side
of a manufacturing system.
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Human behavior on the micro-level is determined by nonlinear, complex, and dynamic phenomena;
this makes it very difficult for analytic methods to be used for simulation [90]. As Sterman indicates,
system dynamics is appropriate for modelling dynamic systems with complex nonlinearities, delays,
and feedback processes [91]. The focus of the present study is the modelling of employee performance
with system dynamics, and thus the following section will review the models presented on this subject
until now.
For identifying relevant literature of present studies that use system dynamics for predicting
the employee performance, a set of keywords were used, such as: “Simulat*”, “System Dynamics”,
“Model*”, “employee”. A small number of publications was found, which will be presented in the
following paragraphs.
One of the first relevant papers is included in one of the first books on the subject authored
by Sterman [91], where he attempts to model and simulate the mental aspects of human beings.
His example is on workload management and uses causal loop diagrams for establishing a reference
model. In the same book, which is full of examples, he models, using system dynamics, how workforce
quality and loyalty are influenced by perceived career opportunities and wages.
Akkerman and Kim van Oorschot presented a system dynamics model simulating the way
employee’s motivation, satisfaction, and training can influence productivity [92]. They linked the use
of a balanced score card with a system dynamics model in order to assess its feasibility for measuring
the organization’s performance. For modelling the employee’s experience accumulation, they used
stocks of new employees and experienced ones with the flow between the two stocks modelling the
assimilation rate.
Gregoriades, in one of the first published attempts, presented a system dynamics model to assess
the impact of fatigue, motivation, and stress in human errors in a workplace environment [93]. Jamil
and Shaharanee in a similar study focused on how the human errors can be managed in power tool
industries [94]. They considered workload, job-related stress, and motivation theory in their study.
Kanaganayagam and Ogunlana presented a system dynamics model of workers’ willingness to be
employed in the construction industry, taking into account commitment to the organization, necessity
of having a job, achievement, and job satisfaction and dissatisfaction [95]. Vancouver et al. used
system dynamics to simulate the way new employees try to build up job relevant knowledge in a new
organization [96]. Jiang et al. presented a system dynamics model for human performance modelling
and training optimization [97]. In their modelling approach, they focused on three of the key five
factors that can have an impact on the effectiveness of training, namely Conscientiousness, Extroversion,
and Openness. They did not consider Agreeableness and Neuroticism (Emotional Stability).
Shin et al. studied the decision-making process of a worker regarding safe behavior including
factors such as optimistic recovery or habituation [98]. Block and Pickl presented a system dynamic
model of individual’s performance that is based on the AMO theory [90]. AMO theory is based on the
assumption that people perform if they have the knowledge, skills, and abilities as well as motivation
and opportunity.
Wu et al. developed a system dynamics model for simulating the employee work-family
conflict [99]. They considered factors such as both the support and the pressure that employees
experience from within the family, workload, job pressure, support from the organization, and the
flexibility in their work environment. The model was validated for the case of the construction sector.
The simulation results highlighted that employees in this sector experience work interference with
family conflict (WIFC) to a significantly greater degree than family interference with work conflict
(FIWC). The model also indicated that improving work flexibility and organizational support can
have a positive impact on employee satisfaction and performance from the perspective of work and
family domains.
Oleghe and Salonitis [100–104], in a number of publications, have used system dynamics for
modelling the impact of lean in manufacturing systems. They have developed models for assessing
the level of leanness of manufacturing organizations [100] and the impact of implementing 5S [101] as
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a couple of examples. In a number of cases, they have used system dynamics in parallel with discrete
event simulation, focusing on the former in the organizational aspects of manufacturing companies
and the latter for the operations of the processes and systems in the organization [102–104]. In a recent
study, they focused on the use system dynamics modelling approach as a strategic planning tool for
analyzing business models [105].
The literature review highlighted a lack of quantitative models for assessing the impact of various
interventions within an organization for the improvement of the employee performance. Although a
number of qualitative models exist, none of these can be used for the assessment of different scenarios
and their impact on the employee performance.
3. Model Development
Sterman presented the full systematic method for developing system dynamics models [91].
He identified two critical steps at the initial stage of development, setting clear boundaries for the
project scope and clearly defining the dynamic hypothesis that will be the basis for the modelling and
the data collection.
Based on the literature review and the scope of the models to be developed, the basic dynamic
hypothesis of the present study was set as follows:
• Employee performance can be measured as the quality and quantity of work that is delivered;
• High-performing employees generate resources (time and/or money) that the company can
reinvest in other initiatives or save for future investments;
• The effect of the initiatives and factors can be quantified as percentages.
Given the human variability in behaviors and responses, there is not an accurate way of modelling
the employees’ response to each initiative, as each individual may respond in a different way.
3.1. Conceptual Model
Based on the literature review, and the basic hypothesis set in the previous section, a set of causal
loop diagrams were developed for deciding on the form of the stock and flow diagram. For developing
the conceptual model, the factors affecting the employee performance were classified into main and
secondary factors.
The main factors are selected as these that have a direct impact on employee performance. They are
most likely the ones to have more connections with other factors or initiatives than the secondary
factors. In the context of the present work, the three main factors identified are:
• Employee wellbeing—as this is affected by almost all of the variables identified in the
literature review.
• Motivation—similarly to the employee wellbeing, the literature review highlighted the plethora
of factors that affect the motivation of the employees.
• Abilities—as they have a great impact on the employee performance as highlighted by the AMO
theory. One metric to assess abilities is for example the attention to details that employees have.
All the rest of the critical factors identified in the literature review can be considered as secondary
factors. Their impact on employee performance is usually through one or more of the main factors.
However, for some of these, there is also a direct effect on employee performance. These usually are
more easily affected by the improvement initiatives and the main factors/performance changes.
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• Competition;
• Flexible working arrangements;
• Absenteeism;
• Equal Effort.
The factor “External Environment” was decided not to be included in the model as it cannot
directly be controlled by the organization.
The model developed considers the improvement initiatives as key. For any performance change
to be achieved, improvement initiatives and/or policy changes need to be implemented. The investment
required by the organization for these to have a chance to be successful in most of the cases is money
related. However, such investments have an indirect cost as well, due to the time required by
the employees.
The aim of such improvement initiatives is usually one of the factors affecting the employee
performance. It can directly focus on a main factor or a secondary factor with a clear and direct impact
on one of the main factors or the performance itself.












Basic Causal Loop Diagrams
The basic starting causal loop diagram is quite similar to the ones presented in previous studies
(such as [50,90]), however the interpretation and transformation to stock and flow diagram is
different. Figure 2 presents the basic causal loop diagram. All causal loop diagrams were developed
using Vensim 8.1.0.
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The opportunity for an employee to perform is related to the empowerment of the employee.
It can be also considered as the opportunity to be involved in the decision-making process. This gives
employees the sense of involvement, engagement, and enhances wellbeing. The literature review
has already highlighted that this is related to the way the task/work is structured, thus it depends on
the job design, the existence and operation of work teams, the feedback system, and the sharing of
information between the employees [50]. In Figure 3, the opportunity sub-model is shown.
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The motivation sub-model needs to address all the variables that can have either a positive or a
negative impact. Furthermore, the impact of some variable might not be observable straight away
and can potentially take some time. Keeping in mind Occam’s Razor (the simplest solution is almost
always the best), and at the same time trying not to oversimplify and look information, the sub-model
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The motivatio of the employees depends on a number of variables. The rewards system,
i.e., the various incentives and the basic sal ry of the employee, impact motivation. The rewards system
is closely related as well with job atisfaction; t higher the salary, the higher the job satisfaction.
Or aniz tional commitment is also criti al. This affects the motivation of the employee, but at the
same time is affected by a number of factors, such as job satisfacti n, the way effort is r cognized in the
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organization, the employee wellbeing, and the leadership style. The possibility of career development
in the organization can also have an impact on the commitment of the employee and the motivation.
As can be seen in Figure 4, for some of the relationships there is a delay in their impact. As an
example, improving the employee wellbeing will have a positive impact on the commitment that
employees feel towards the organization, but this change requires time to be established.
Finally, the “knowledge, skills, abilities” sub-model is illustrated in Figure 5. Knowledge and
skills can be acquired through experience and learning. The learning can be either structured, through
the participation in training courses or through the on-job practice. The time however spent (or some
might say “invested”) in training can increase the workload of the employee that can then reduce
her/his ability to complete the task. The available time is central to the sub model. Schedule pressures
can result in reduced time for training, can increase the workload, that then can potentially increase
the absenteeism, which again increases further the workload for the employees working. These factors
thus can have a negative impact on the ability of the employees to perform their work. Though,
as Block and Pickl highlight in their paper, knowledge, skills, and abilities do not grow infinitely,
but are subject to erosion [90]. In previous studies, the health of employees is considered as well. In the
present study, this is considered through the wellbeing of the employees.
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These three models do not stand in isolation. They relate to each other, and in some cases the
share factors as well. Locke and Latham indicate that Opportunity has a direct impact on Motivation.
Furthermore, Motivation indirectly has an impact on knowledge, skills, and abilities as well [106].
Figure 6 presents the complete causal loop diagram. A number of balancing and reinforcement loops
can be identified. The complexity of the model is obvious. For the quantification of the model, a stock
and flow diagram needs to be developed and will be presented in the next section.
Sustainability 2020, 12, 6511 14 of 30
Sustainability 2020, 12, x FOR PEER REVIEW 15 of 31 
These three models do not stand in isolation. They relate to each other, and in some cases the 
share factors as well. Locke and Latham indicate that Opportunity has a direct impact on Motivation. 
Furthermore, Motivation indirectly has an impact on knowledge, skills, and abilities as well [106]. 
Figure 6 presents the complete causal loop diagram. A number of balancing and reinforcement loops 
can be identified. The complexity of the model is obvious. For the quantification of the model, a stock 
and flow diagram needs to be developed and will be presented in the next section. 
 
Figure 6. Causal loop diagram for the full model. 
3.2. Stock and Flow Model 
Causal loop and stock and flow diagrams are both valuable tools, but they serve fundamentally 
different purposes. Causal loop diagrams are useful for communicating high-level views of a system. 
They are easily understandable and can provide a good first step for the systemic analysis of a 
problem [91]. On the other hand, stock and flow diagrams take the analysis to a higher level of rigor. 
Such diagrams differentiate between the parts of the system. Stock and flow diagrams distinguish 
between variables that are stocks and those that are flows. However, starting with a causal loop 
diagram helps with structuring the problem clearly. 
For the needs of the present study, the stock and flow model is developed based on the causal 
loop diagram shown in Figure 6. The causal loop diagram allows the identification of the key 
variables and the relationships between them. The key stocks can be then identified and created. 
Subsequently, the flows are identified and then the remaining variables can be linked to either the 
stocks or the flows as well as setting up the links between them.  
As the goal of this model is for an organization to be able to see the impact that various policies 
and changes can have on the performance of the employees, it was decided that the main stocks 
should be the number of low- and high-performing employees. In that case, the flow between the 
stocks will be defined by the various factors identified in the previous sections. The stock and flow 
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and flows are clearly shown. All variables have been included in the following detailed figures. 
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3.2. Stock and Flow Model
Causal loop and stock and flow diagrams are both valuable tools, but they serve fundamentally
different purposes. Causal loop diagrams are useful for communicating high-level views of a system.
They are easily understandable and can provide a good first step for the systemic analysis of a
problem [91]. On the other hand, stock and flow diagrams take the analysis to a higher level of rigor.
Such diagrams differentiate between the parts of the system. Stock and flow diagrams distinguish
between variables that are stocks and those that are flows. However, starting with a causal loop
diagram helps with structuring the problem clearly.
For the needs of the present study, the stock and flow model is developed based on the causal
loop diagram shown in Figure 6. The causal loop diagram allows the identification of the key variables
and the relationships between them. The key stocks can be then identified and created. Subsequently,
the flows are identified and then the remaining variables can be linked to either the stocks or the flows
as well as setting up the links between them.
As the goal of this model is for an organization to be able to see the impact that various policies
and changes can have on the performance of the employees, it was decided that the main stocks should
be the number of low- and high-performing employees. In that case, the flow between the stocks will
be defined by the various factors identified in the previous sections. The stock and flow diagrams have
been presented in a study of the present authors for a different case before [107].
Figure 7 presents the stock and flow model developed. A number of parameters have been
omitted from this graph for clarity purposes, however the causal loops between variables and stocks
and flows are clearly shown. All variables have been included in the following detailed figures.
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situational leadership theory characterizes the leadership style in terms of the amount of task 
behavior and relationship behavior that the leaders provide to their followers (or in the context of the 
present work, the employees). The four styles that can be used independently are the telling (or 
directing), the coaching, the supporting and the delegating one. These four leadership styles are 
considered in the model through a respective sub-model. As mentioned in the literature review, a 
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The basic elements of the model are the stock and flows of employees. In Figure 7, smaller st cks
and flo s at the top and bottom ar included that represent the resources (in the form of availabl
time or mo ey), from which the different initi tives are fed. One stock represents the high-performing
employees and one the low-performing ones. The flow between t e tw stocks is determin by th
initiatives and th impact they have n the performance.
The numb r of high-performing employees impacts the inflow of the resources, as the high
performers generate some value for the company. The focus of the proj ct is to test the feasibility of
maintai ing the initiatives only with thes resources. Nevertheless, the infl w can als have fixed
values r the resources stocks initial savings (both of them being investments made by the company).
The resources are exp nded d pending on the active initiatives. Th initiatives are activated by
using on them a percentage of the existing resources, determined by the parameters associated with
each initiative.
For managing the com l xity during the development of t e model, a number of “shadow” stocks
were introduced, that can help link sub-models with the main model. The sub-models are presented in
more detail in following paragraphs.
For assessing the importance of the leadership style, a leadership model has to be adopted.
There is a large number of leadership models available. In the present study, Hersey and Blanchard’s
situational leadership theory is adopted, as it is based on the assumption that there is no best style
of leadership, and its situation required a different style in order to get the optimum results [108].
The situational leadership theory characterizes the leadership style in terms of the amount of task
behavior and relationship behavior that the leaders provide to their followers (or in the context of
the present work, the employees). The four styles that can be used independently are the telling
(or directing), the coaching, the supporting and the delegating one. These four leadership styles are
considered in the model through a respective sub-model. As mentioned in the literature review, a style
is never adopted independently, and usually the leadership style is a mix of the ones presented in
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the situational leadership theory. For this reason, each style can be activated or deactivated, and a
percentage highlighting qualitatively how prominent the style is adopted is used.
In Figure 8, the sub-model of the time initiatives is shown. The model can accommodate a number
of different initiatives; in the figure, a few of them are included such as training, the use of a change
agent, the setting of schedule pressure, the use of overtimes, and establishing wellbeing activities.
Each of these initiatives has a different impact on the various factors, and its effectiveness can be
reported in the data collection phase. Parameters that represent the percentage of current resources
used on each initiative are inputted in the model as well. The impact of each initiative in the various
factors is calculated based on the length of duration that these initiatives are used. Additionally,
the effect of task complexity, the initial values of overtime, or schedule pressure determine the values
of the factors. These have a cumulative effect on employee performance.
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Figure 9 illustrates the sub model for initiatives that are based in money. A number of initiatives
are shown in the figur , such as rewards system in place, investments in improvi g the environmental
conditi ns in the organization, the impact on the salary that a care r development might hav ,
the m etary impact of overtim s, or the money investment i w ll-being activities. Each initiativ is
activated through a parameter that also indicates level f investment.
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4. Verification the Developed odels
For acce ti el, it n eds to be verified and validated. The simulati n model is valid
only if the model is an accurate representa ion of the actual system. V li ation and verifica ion
a both required in any simulation project. The validation is the process of comparing two results.
The representati n of a conceptual model is compared o th real ystem. On the other hand, verification
is the proces of comparing t r racy.
A number of verificatio a li i i s r ested in the literature. Due to
complexity of the probl , t f t t t it is r ifficult to support some of the relationships
with real data, the verification of the models was based on comparing the results, and more specifically
the predicted patterns, to the ones found in literature. Thus, the focus was to examine whether the
model produces ‘reasonable’ results or not.
All variables and relations have been derived from literature and the surveys conducted.
They were checked against literature within the fields of management science, organizational behavior,
and industrial psychology. Conceptual validity included a critical reflection of the model boundaries
as well. As an example, the four leadership styles were considered in the model as a different variable.
Each of them has a parameter to activate or deactivate them, or a combination of them. The parameters
are activated with values between 0 and 1 (to represent percentages, 0 = 0%, 0.5 = 50%, 1 = 100% . . . )
and the sum of them has to be 1 (to ensure that leadership is always being used). The effect of each
style in the “performance increase flow” can be tailored by considering the specifics of the organization
where the model is applied. Additionally, coaching uses the time resource and delegates the money
resource (as discussed in the literature review).
For verifying the results, a hypothetical organization that has 200 employees in total, with 100 of
them classified as high performers, is considered. Four scenarios were modelled in order to check the
predictions of the model. The predictions were compared to what the literature suggests and were also
presented to academics at Cranfield University with long industrial background who have served in
senior management posts in the past. The simulations were run using Anylogic software.
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4.1. Scenario a: Training Sessions for Low Performing Employees Every 12 Months
The organization considered has decided to train the low-performing employees every 12 months.
The impact of this decision is shown in Figure 10. Two different cases were considered, that affect the
assumptions. The first case is that training is considered superficially by the employees and results
in short improvements that however are not sustained. As can be seen in the results, the model
predicts that the impact of the training on the employees is sustained for about four to five months
and then it wears off, getting to a point where it lingers only to about 10% of the trained employees
(10 employees). The other case is that the training is more substantial, and as a result it wears off with
a slower pace. More employees retain their skills at the end of the year, indicating that the learning
is profound. The second, and subsequent rounds, of training are more effective and the impact is
cumulative. This simulation run supports the findings of Jiang et al. [97] about the effectiveness of
training in organizations, and suggestions from Block and Pickl [90] about the short-term success when
a singular managerial intervention adopts such a training.
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For the same hypothetical organization, the impact of changing leadership style was assessed. 
The initial assumption was that the organization in its current state sustains the number of high-
performing employees when its leaders and managers adopt a mix of coaching and supporting 
leadership style. Four different simulation runs were then performed, where all parameters were 
kept steady with the exception the ones related to the style of leadership. The impact of these changes 
in leadership style are shown in Figure 11. 
The adoption of the telling leadership style seems to be a short-term success, as the number of 
high-performing employees increases, but this success is not sustained. Furthermore, this eventually 
has a negative impact even to the employees who were initially performing. 
Coaching leadership style relies on telling people what to do but at the same time teaching them 
how to do their tasks. It can lead to short-term wins, however it requires a lot of time and energy 
from the managers that in the long run can have an impact on the performance of the employees as 
it does not allow them to grow independently. In the case of supporting leadership style, the 
independence of the employees is critical. This requires some effort from the managers at the 
beginning, but the model predicts an overall increase in the performance. 
Finally, the delegating style requires that managers completely give the task responsibilities to 
the employees, and managers only review the results. However, it requires highly qualified 
employees in order for such a style to be adopted. For this reason, the pre-existing knowledge and 
skills of the employees will define how successful such a style will be. When combined with training 
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4.2. Scenario b: Leadership Style I ct l ee erformance
For the same hypothetical orga i i pact of changing leadership style w a ssed.
The init al as u pti s that the organizatio in its current ta e sustai s the number of
high-performing employees when its l aders and managers adopt a mix of coaching and supporting
leadership style. Four different simulation runs were then performed, where all parameters were kept
steady with the exception the ones related to the style of leadership. The impact of these changes in
leadership style are shown in Figure 11.
The adoption of the telling leadership style seems to be a short-term success, as the number of
high-performing employees increases, but this success is not sustained. Furthermore, this eventually
has a negative impact even to the employees who were initially performing.
Coaching leadership style relies on telling people what to do but at the same time teaching them
how to do their tasks. It can lead to short-term wins, however it requires a lot of time and energy from
the managers that in the long run can have an impact on the performance of the employees as it does
not allow them to grow independently. In the case of supporting leadership style, the independence of
the employees is critical. This requires some effort from the managers at the beginning, but the model
predicts an overall increase in the performance.
Finally, the delegating style requires that managers completely give the task responsibilities
to the employees, and managers only review the results. However, it requires highly qualified
employees in order for such a style to be adopted. For this reason, the pre-existi g knowledge and
skills of the employees will define how successful such a style will be. When combined with training
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opportunities for the employees, it can have a great impact on the both the individuals’ and the
organizational performance.
Such predictions are in agreement with what was revealed from the literature review with regards
to the impact of leadership styles (transformational vs. transactional, authentic, servant leadership,
ethical, etc.) [20,22,27,31,34,109].
Sustainability 2020, 12, x FOR PEER REVIEW 20 of 31 
opportunities for the employees, it can have a great impact on the both the individuals’ and the 
organizational performance. 
Such predictions are in agreement with what was revealed from the literature review with 
regards to the impact of leadership styles (transformational vs. transactional, authentic, servant 
leadership, ethical, etc.) [20,22,27,31,34,109]. 
 
Figure 11. Verification scenario B. 
4.3. Scenario c: Using Monetary Incentives for Increasing Employees’ Performance 
For the same hypothetical organization, the impact of using monetary incentives, such as 
bonuses, paid holidays, paid registrations, etc., on the employee performance was assessed. As 
expected (Figure 12), when setting up such incentives, the performance of the employees increases 
dramatically, however the impact of such incentives is not sustained unless these are repeated 
frequently. The model predicted an almost 40% increase in the number of high performers within 
just five to six months, but the impact of that change disappears after about two and half years. The 
downside of such an approach is that, once such incentives are used, employees tend to expect them 
and in the long run can have a negative impact on the overall performance, unless repeated. This was 
obvious from the predictions of the model, as after five years, the number of high performers drop 
by about 15% from 100 high performers down to 85. Such behavior is in agreement with previous 
findings from the literature [109,110]. 
 
Figure 12. Verification scenario C. 
Figure 11. fi ario B.
4.3. Scenario c: Using Monetary Incentives for Increasing E ployees’ Performance
For the same hypothetical organization, the impact of using monetary incentives, such a bonu es,
paid holidays, paid registrations, etc., on th employ e perf rmance was assessed. A xpected
(Figur 12), when setting up such incentives, the performance o the empl yees increas s dramatically,
however the impact of such incentives is not sustai ed unless these re repeat d frequ ntly. Th model
predicted an almost 40% increase i the number of high performers within just five to six months,
but the impact of that change disappears after about two and half years. The downside of such an
approach is that, once such incentives are used, employees tend to expect them and in the long run
can have a negative impact on the overall performance, unless repeated. This was obvious from the
predictions of the model, as after five years, the number of high performers drop by about 15% from
100 high performers down to 85. Such behavior is in agreement with previous findings from the
literature [109,110].
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4.4. Scenario d: Introduction of Well-Being Program and Activities
For the last hypothetical case, the organization’s management decided to introduce wellbeing
programs and activities. Such a change has a long-lasting impact as can be seen in Figure 13. There is
high rate acceptance during the first year. As the enthusiasm of the new program fades away, the impact
is reduced, however there is an overall steady increase in high performers of about 15%.
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5. ata llecti r t c l, ase t a isc ssi
In the present chapter, the case study for the validation of the system dyna ic model is presented.
The chapter starts with defining t e way the data are going to be collected from the participating
companies, and how these will be used for specifying the variables in the model.
5.1. Data Collection Protocol
Greasley and Owen noted that modelling method strategies can either be data driven to predict
human behavior or cognitive architectures to simulate human mental process [89]. The approach in the
present study focused on collecting data from employees and managers. They also highlighted as the
major challenge when modelling people’s behavior being the extensive data collection requirements
and the difficulty of ensuring model validation. In the present subsection, the data collection protocol
is presented.
It is accepted among the researchers who work on simulation, that any developed model can be
trustworthy and reliable, only if the data that are used are reliable and accurate as well. This can be
even more challenging with models that attempt to simulate human behavior. Furthermore, for the
system dynamics model to be able to predict the impact of different cases, the current state is important
to be replicated as accurately as possible. This requires that any bias is controlled and taken into
consideration as well as any specific perceptions need to be addressed in early in the data collection
phase. For this reason, it is necessary that the various perceptions of both employees and managers are
considered and addressed in the model.
For every case thus, it was decided to collect information from both employees and operators
with the use of a questionnaire, and then collect data and rich information from managers by using
semi-structured interviews.
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5.1.1. Data Collection from Employees—Questionnaire
Employees’ responses to a questionnaire about work can vary a lot, even if some of them have the
same background, position, or experience. In order to make sure that the model captures as much
as possible of the employees’ perception, a questionnaire was developed and distributed to as many
employees as possible in the organization. For the participants to feel comfortable to participate
in the survey and answer truthfully, the questionnaire clearly stated the terms with regards to the
anonymity of the responses. Gu and Nolan stated that the majority of employees believe that personal
relationships can affect their performance appraisal, and this generates a negative mood [111].
The questionnaire developed is based on statements that the respondents need to state whether
they agree or disagree and to what extent. Figure 14 presents an abstract of the questionnaire.
The statements have been divided into categories according to which part of the model they provide
information to.
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5.1.2. Data Collection from Managers—Semi-Structured Interviews 
As highlighted in the beginning of this chapter, for a better understanding of the company’s 
initiatives, priorities, and current state, information is required from the managers as well. This 
allows for better handling of any bias that might be because of the employees’ perception, but also 
gives better insight into the way the organization works as well. 
For collecting this information, semi-structured interviews with managers from each 
participating company were set up. The questions have been divided in sections according to which 
sub model the answers can be related to. 
5.2. Case Study 
The case study was based on a manufacturing company that is in the construction materials 
business. The company employees 300 persons, with 60% of them considered as high performers 
initially. For collecting the information required for quantifying the relationships between the factors, 
both data collection approaches described in the previous sections were used. Ninety employees from 
various departments within the company were approached and asked to fill in the questionnaire. 
i . ti i t t.
Likert sca is used and thus ach question is scored b tw en 1 and 5. This scoring then allows
the calculation of the various parameters included in the model that characterize the initiatives.
Each question was thus related to one or more variables in the model. As an example, the response to
the question “Being told exactly what I should do helps me perform better”, will define the impact that
the “telling” style of leadership will have on the performance of the employees. If an employee responds
that she/he strongly agrees with this statement, this implies that adopting the “telling” leadership
style will lead to performance improvement. Similarly, for the second question in Figure 14, a strong
agreement indicates that that a “coaching” leadership style would lead to increasing performance.
In a similar way, the answer to the question “Organisational/Departmental changes help me perform
better” is related to the adaptability variable.
5.1.2. Data Collection from Managers—Semi-Structured Interviews
As highlighted in the beginning of this chapter, for a better understanding of the company’s
initiatives, priorities, and current state, information is required from the managers as well. This allows
for better handling of any bias that might be because of the employees’ perception, but also gives better
insight into the way the organization works as well.
For collecting this information, semi-structured interviews with managers from each participating
company were set up. The questions have been divided in sections according to which sub model the
answers can be related to.
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5.2. Case Study
The case study was based on a manufacturing company that is in the construction materials
business. The company employees 300 persons, with 60% of them considered as high performers
initially. For collecting the information required for quantifying the relationships between the factors,
both data collection approaches described in the previous sections were used. Ninety employees
from various departments within the company were approached and asked to fill in the questionnaire.
Sixty-two responses were collected. The respondents were 70% male, with an average age of 28 years
old. None of the responded held any posts of responsibility as for the managers interviews were
used. The size of the sample (62/300 = 21%) is big enough to allow for a narrow confidence interval
(for 95% confidence level that implies a confidence interval of ±11% for an answer agreed by the 50%
of the sample), which is acceptable for drawing conclusions from such analysis. Furthermore, with a
sample size that exceeds 30 participants, the central limit theorem is valid, increasing the confidence
that the findings from the sample represent that of the population. Finally, five senior managers were
interviewed from the five different department within the manufacturing company. All of them were
male with an average age of 49 years old.
The company relies on the high-performing employees, as through their work, it can save on cost
that then can be invested in various initiatives internally. Their performance also results in higher
productivity, thus more time is freed up that then can be invested in other initiatives.
The managers in the company have adopted a mixed leadership style, presenting characteristics
of both delegating and supporting styles. The company invests a considerable amount of money and
time in training and development programs for the managers employed.
The company invests in developing its employees through training programs. Furthermore,
they have currently a number of initiatives set up for wellbeing programs. It also provides the chance
for the employees to work overtime. On average, all employees claim overtime that accounts for
10% of their normal hours. As the employees are happy to work overtime, this does not affect their
wellbeing. The effectiveness of the training programs is high, resulting in improvements to around
50% of the work tasks. The schedule pressure is almost constant (80% of the time). Attention to detail,
however, varies throughout the year and is affected by deadlines. Quality wise, there are no issues
reported, thus the initial quality gap is zero.
The company also offers wellbeing activities to the employees through a wellbeing program.
Furthermore, the company invests in a number of environmental initiatives. There are policies in place
for flexible work. Job satisfaction is high, and the absenteeism level is usually less than 5%. Employees
state that they are highly motivated by the reward system, although it is not formal. There is not a
fixed career path.
5.2.1. Virtual Experimentation Using the SD Model
In agreement with the management of the organization, three virtual experiments were decided
to be run, as shown in Table 2.
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Table 2. Virtual experiments/scenarios for case study.
Scenario
Exp.1
Modify the incentives in place
• Reduce well-being activities and overtime incentives to 70% for
increasing the available time for training
• Reducing environment health and well-being programmes to 90%
for increasing the available time for delegation of activities (change
of the leadership style mix)
Exp.2
Saving resources
• All incentives are halved so that the overall expenses are down to
50% for each resource
• Keeping the expenses at 100% so that stocks do not increase, while
the amounts expend in the incentives increase
Exp.3
Saving resources while maintaining employee
well-being (EWB) steady
• Overall expenses are reduced to 50% (as per Exp2) while related
variables to well-being are increased. Total expenses of each
resource are reduced 75%
5.2.2. Results
The simulation of company’s current practices with regards the improvement of the employees’
performance are shown in Figure 15a. The immediate effect of the initiatives is positive, and the number
of high performers increase rapidly. However, as can be seen by the figure, a fading out oscillation
is observed with regards to the number of high performers. When the quality of the production
drops below a threshold, the quality control system kicks in and the oscillations in performance levels
generated are negligible after about two months. There is a 10% increase of performance in the long
run, although after about 10 months, the impact of the initiatives starts to fade out. The predictions
present a pattern that is confirmed by the company managers as well.
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Figure 15b compares the outcome of the simulation of scenarios. The suggested actions in the first
experiment (Exp1) seem to work as per the predictions of the model, as the number of high performers
is increased drastically, and then it is almost kept at that level throughout the year. The time gained
throug the savings and the inv s ment of this ime for trai ing seems to be wo king well.
On the ther hand, th changes proposed in the second experiment (Exp2) do not produce positive
results. The number of high p rfo mers i itially drops from the initial value. This can be due to the
slow effectiveness of the improvement initiatives, i.e., they are not effective enough to counter the
performance losses. Nevertheless, this decreases t e performance losses and allows the performance
level to increase p st the initial value, but only slightly.
Finally, the third experiment (Exp3) produces the same results as the current practices of the
company, but at the same time this is achieved by using 25 resources.
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5.2.3. Key Findings
The key findings from this analysis can be summarized in the following list of bullet points:
• The simulation of the current state indicates that the incentives in place are appropriate for the
needs of its employees.
• There are variations in the performance of the employees, but the quality control system in place
reduces their impact.
• The higher the number of high employees, the lower the variations of the number.
• The performance improvement is not greatly affected by the volume of resources allocated to
the incentives.
• Reducing the resources allocated to the incentives affects even the best-performing systems.
• Performance losses have a greater impact on the final performance level than the performance
increases (at overall high levels of performance).
• The incentives are self-sustainable thanks to the initial high levels of performance and the positive
responses from the employees to the different incentives.
• While focusing on wellbeing is fundamental, its level should also be controlled to avoid over
allocating resources that could be saved.
According to these tests, the key to high levels of performance that the company had since the
beginning is the focus on the wellbeing programs (this can be seen in the current situation). The results
as in the previous case were presented to the company managers, for their feedback. The managers
involved considered the results logical.
5.2.4. Discussion and Limitations
It cannot be claimed that there is a perfect employee performance model. Employees and their
responses to different environments and programs are arguably among the hardest business factors to
study, measure, and control. Therefore, a model that tries to include both the effects of multiple factors
on employees and the benefits that are obtained from them can hardly be a precise representation of
reality as it is.
To reduce the inaccuracies, it is highly recommended to adapt the model to the company that will
use it. Thoughtful and extensive data gathering is required to develop an appropriate model that could
be used to study the actual impact of improvement initiatives. Without it, studying their sustainability
will never provide results that truly represent the reality of the business.
Traditionally, most of the research done on employee performance focus their efforts on a specific
factor or improvement initiative, and the total effect on performance was considered as simply the
sum of the parts. In the literature, it was discussed how not focusing on the bigger picture can miss the
interactions between factors at different levels (i.e., personal and organizational), stating the holistic
nature of this issue.
On the other hand, considering every possible factor and every causal link between them may
as well be as imprecise as the single research. Regardless of how powerful an analysis tool System
Dynamics can be, its base is still to set the boundaries of the system and formulate hypotheses to
start the development. In the case of employee performance, the multitude of factors, initiatives,
and links need to be decisively limited. In doing so, it is necessary to go back to the importance of the
information, and the need of a proper data gathering methodology.
The approach presented can be further developed as to address some of the existing limitations.
• Resources: The available resources that can be controlled (such as monetary incentives and
available time) can be “invested” to a degree (as a percentage) for increasing employee performance.
This is appropriate to keep the desired level of focus on each initiative over time. It also increases
or decreases the expenses according to the savings. However, it is more common to have fixed
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amounts assigned to certain initiatives during fixed periods of time, so implementing this method
is a possible future development of the project
• Leadership style: In the case study, the leadership style was fixed, and in some cases, the employees
did not respond well to them. Changing the styles is necessary to achieve better performance
levels, but this can be taken a step further. The strength of the situational leadership is to have
managers able to change their styles as employees develop their skills and gain experience and
confidence. With more precise data about how the employees respond to each leadership style in
different situations, there is an opportunity to implement a dynamic style selection method to
make the most from the employees’ skills.
• Employee wellbeing (EWB): EWB has proven to be the critical factor when implementing
performance improvement initiatives. Therefore, it should be controlled accurately. In some cases,
the EWB was quickly maxed thanks to the multiple initiatives focused on it, but this also means a
waste of resources. A dynamic control of its level that is able to steadily lower the investment on
its initiatives once it is maxed out can be the key to avoid waste while keeping the focus on it.
No model is a perfect representation of reality. By setting boundaries and dynamic hypotheses,
representing employee performance becomes something feasible, but the results from the SD model
will have certain differences compared to the actual effect of the initiatives:
• The turnover of staff will affect the performance changes. Employees leaving or joining the
company will affect performance differently depending on which level of performance they were
in or they start in.
• Additionally, new employees commonly go through a training period (different from the training
initiatives in the model). While they are integrating in the company, the effects of the initiatives
on them will vary.
• The external environment was left out of the model because it would have to be individually
modelled, but its potential impact on an employee’s performance should not be disregarded.
In the case that multiple employees were affected simultaneously by their respective environments,
the model’s accuracy would be severely affected.
• The sustainability of the initiatives depends on the extra resources generated by the high performers.
However, these will change depending on the general business condition. Again, including the
whole business operations accurately in one model is far from possible.
These limitations can be addressed; however, these will increase the complexity of the model,
without necessarily adding to the usability of the model, that has been developed for being able to
compare different strategy scenarios.
6. Conclusions
System dynamics were used in the present paper for analyzing the interrelations of the factors
that have an impact on employee performance. Causal loop diagrams were developed based on a
thorough literature review that were then transferred to stock and flow diagrams for the mathematical
simulation. As highlighted in the paper, the basic dynamic hypothesis was that employee performance
can be assessed through the quality and quantity of the work that is delivered by the employees.
The employee performance was related to the resources’ generation. This dynamic hypothesis was
tested through four verification experiments and a case study. These experiments confirmed the
validity of this dynamic hypothesis.
The data required for quantifying the relationships were captured using surveys and questionnaires.
Such an approach allows the comparison of different policies and initiatives for improving the employee
performance. The models developed were verified for hypothetical scenarios and compared to findings
from the literature. A case study is then presented visualizing how this technique could be used in the
decision-making process.
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The paper presented a first attempt, to the knowledge of the researchers supported by the
thorough literature review that they undertook, of modelling the employee performance in a holistic
way, considering such a big number of different impacting factors. The literature review has not
highlighted a similar study that is based on system dynamics for modelling such a plethora of factors on
the employee performance. Furthermore, no other employee performance model has been presented
that considers the differences of perception between the employees and the senior management.
Of course, such a modelling approach, given the complexity of the problem that is attempted to be
modelled, presents some limitations that were discussed in the previous section, also highlighting the
probable future directions for addressing these limitations.
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